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ABSTRACTI The very samll droplets produced by the fast-swing 
air stress vhen vater dropr are present in the shock path are 
about half the size assessed by G. K. Swrtaauc is SAVCRD Report 
294U, reference (3). A correction factor of one-half can be 
worked in by considering the effects of a transient blast sud- 
denly applied to tho drops as opposed to a gradually Increasing 
stress Telocity applied to the drops. 

fiss as&ller «i*e droplets produced reeuire lesa tiws to e- 
raporate in the h*alfc<l gas bahind the shock front. Hence the 
rst&ius of total evaporation, as discussed by Hartnann, is in- 
creased by m factor of 1.2** and the shock pressure attenuation 
is increaaed by a ssoll aacunt. The numerical requite, of these 
Ainjierliftants are applied to the Esrtiasan theory of pressure at- 
tenuation associated with an explosion in fog or rain for purposes 
of iMsmarison. 
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This report describes the initixl work done In the BaT&l 
Ordnance I»»bc>ratv.vy as en experimental check on some of the 
aflsuHrotione made in HAYQKD Report ?olilir This vork has bees 
carried on under Task SSc-^-i-^ by the Shock Pheso—na, and 
Shock Photography Section of the Explosion Effects Division. 

EDWARD I.. WOGDYARB 
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THE mracT OP SHOCKS OM LIQUID DROPS 
IB TE1 SHOCK TUBS 

I IBTRODUCTIOH 

1. In the detonation of explosives, there is definite experi»«*iat*l 
evidence that a loss of perfornsaca occurs when the charges are ex- 
ploded la rain or fog (l). There is a percentage loss in positive 
blast impulse and also in peak overpressure, according tc theory, 
vhich is practically linearly proportional to the coseestration of 
liquid water in the air, provided the raindrops are cf valfcm else 
and the percentage decrease in blast pexforaance is not great. 

2, This peak pressure or shock vave attenuation has been attributed 
to increased sssrgy ^oss^s rssultlus f rce> tl&6 wYak&wx-i^i.iwi u£  iiws 
vater droplets in the fast-moving air stream behind the shock. 
V. G. Penney (2) and 6. X. HartBann (3) have worked out relations 
leading to analytical statements regarding the loss of psrforaftnce 
due to the presence of fog or rein. 

I     I * 3*    The eraporatloa of the droplet taken place in the fast saving, 
heated air strata behind the shock front.   The tie* t fcr the drop- 
1st to reach 99 P*? «*«* -f the particle velocity end. the lag L of 

± tfee droDlet behind the air utertleleg sre ociwfeej to be 
(3) 

t   -   35/-*   sec rs 

L   •   8 Ug / % e», u,   • flow speed. 

! 

! %.    The contribution to the eTKBoration uraoeaa vten %"<*> ammlivfc is 
ventilated, i. «... vhen the air eurgoun&iag tfcs droplet is continuously 
baling swept way end repla^sd by freah air not sx-erricual* la seactaet I 

i     i 
1 Vitll tfe*   *?©»!•*:   >••  bft*S»  itrmm* *»**A  _%a<9- fM  * 

5.   After the dra^let reaches the flow speed tSae phobias is mm of cal- 
sulatlng tise evaferation rate of snawrical feepleta in still, va*m or 
hot air.   The temperature differential, cf - 9, of the drwltt surface 
and the shock, temperature is shown to be 0.86 <f where  (f+ T0 is the 
tentwrs&sre of the air 1—adiately eahid& the shook, e • f0 ie tiae tun- 
peratsre at the drop surface after the arrival of tha shook sad !fc is„ 
the sabiesKt taaperatura.   using the heat transfer equation, |£ - & V*^* 

1 
8BC3UD 
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where K is the diffusivity, the time fcr evaporation is calculated. 
It has been shown (3) that evaporation will he complete within a 
time •f equal tc the positive duration cf a blast wave if 

r i.*i 
I,* A 

sec. 

where L* • latent heat of evaporation • 580 cal/gm 
<T   "  specific thermal conductivity of air 
A • radius of water droplet 

(P   • temperature ripe associated with the peak overpressure 
rise P„ in the shock wave. 

8 

I 

Thin equation reduces to 

r« 3.53 *r 
\     9° / / p« + 67/ 

/ \ y 
f 

10' msec 

for Ps < 30 psi. 

6. It is necessary that the drop be stable in the fast-moving air 
stream while it is eva.pOfo.ting. A drop of water in fast-moving air 
is subject to •Brodynmiiu forces due to the motion of the air. and 
also forces due to the surface tension in the drop itself. There 
is a critical drop size above which the drop is not stable for each 

tc vfeich it Is sab *ggt-g£: Tf   A   flwm   < a   atiArimnl v Til oo*»rl 

in a fast-moving air stream of velocity u, then the critical radius, 
a, will depend on the produce of {*>,  the density of the air, and u2 

and on the surface tension. The product /Ou^ is proportional to the 
aerodynamic forces, i.e. 

a r>J Te ( 
(0 2\' 1 u ; surface tension. 

! 
i 

. 1 

I 
J—•> _ *-*. v.- 

»»?»='!*:-": 4« *»««*>r-T.^SL33y constant icr the r*1** nf 

cbservn+io^ of fallinK water drops, when u • 800 cm/sec and 
then a - 0.33 cm (3), therefore: 

(0 * ,'* 
O' 

A 
^ 

/800) cm. 

> 

7. Calculating ^snd u from the iviokine-Hugoniot relations in terms 
of P , the peak shock overpressure, a relation is shown to exist be- 

s 
tween r_ ana a wnic.a can De sxariea. ae: 

2 
SECR2T 
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Ps    a » 8.4 x 10-<i within 5 per cent. 

(F^ is ID pal, a is in cm.) 

i 1 
6. What this means then is that when a shock hits a rain drop, if 
toe drop is greater thac the critical size, it will be reduced to 
smaller droplets which ar<j stable in the air stream behind the shock. 
For example, if a drop of radius 0.5 cm is struck by a 2 p«i shock 

be shattered into many droplets or radius given by 

8.4 x 10-2 0.021 cm. 

1 
; 

• 

1 
i 

I 
1 
1 
I w '. 
• ! 
-f : 

•• ' 
1 

Hartaann (3) used the above expression for the radius of the water 
droplets that would be totally evaporated by a shock wave of peak 
overpressure Ps. Further calculations were made to determine the 
radius of complete evaporation, E^ (ft), as a function of charge 
weight, M (lbs TOT) which led to the expression 

-1/0 1-11 
R, = 5.1 (\r/3) ft. 

The total energy in the shock wave at a distance R<R^ %-es then 
shown to be 

I\.K)    » 4.UD X JLU' Z—_—.  - 69 CR 

where c • concentration cf water in gm/nP. 

The second term in this expression represents the loss in energy due 

9. The purpose of the present study va*> to measure tut; size of the 
droplets proiuoed in a shock tube when a step-type shock •wave hits 
liquid water dro^s introduced into the tubes Xa this vs" it is ""^os— 
sible to ascertain the validity of the relation betwr^n shock over- 
pressure «nd droplet radius upon which the expression for the radius 
of cjiaplete evaporation restss 

.11 METHOD 

C 

10.     It  W*kS   di»e1tf«»d tr>   A.t/fcAftk th«  Tvrnbl«m Y>v  fcsslH nrr Tiho+.r.srr»T-.ha  rvl' i-.ht 
drop during the passage of the shock froi-t. A high-speed, repeating 
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spark source was used to produce shadowgraphs after several known 
time Intervals during which the drop and the shock interacted. 
This series of exposures, all recorded on the same sheet of film, 
depicted the behavior of the drop during the passage of the shock 
front and showed the subsequent break-up of the drop into droplets 
in the fast-moving air stream behind the shock. 

Ill DSCRIFTICK Q? THS APPARATUS 

11. In conducting this series of experiment*, water drops were 
introduced into the shock tube by £r«ns of a hypodermic syringe 
inserted through the top of the shock tube sc that only about 8 mm 
of the needle protruoad in so the tisfce. Ths syriss? w* aushioned 
in a heavy rubber stopper vtiich was mounted flush vith the interior 
surface of the shock tube? Thus only the needle tip was in a po- 
sition to disturb the shock front. 

• 

12e Tba elm  of the water drops introduced into the shock tube 
v&s controlled by the size of the hypodermic mscdle. For a number 
20 n*edlf>, ground off scuarely at the end, the drop sis* was 
0.25 • 0.05 cm. 

13* To get multiple shadowgraphs of the breakup of the liquid 
drop it was necessary to build a multiple flash unit in which a 
scries of flashes occurred, all e«!S«s*ing from the same point. 
Since the light source vas to he a spark la air, it »« necessary 
to bu±M % unit in which several condensers could be discharged 
through the same gap successively. The problem, therefore, was re- 
duced to that of developing a switching arrangement which could 
o,-fitch each condenser in lum across ths single gap. This was 
accomplished by using the circuit recommended by Benjamin Crape-, 
HyperballlstiCB Division of the Haval Ordnance laboratory (HOL), 
and is shown in Figs. 1 and 2. Hydrosan tlsyratron tubes, type 5C22, 
were employed for the switches, each triggered by a pulse from tlae 
pulse generator unit* Operation was simple. The initiating puiue 
from the shock velocity measuring "-arise associated with the shock 
tube was applied to the grid of the first 2B21 thyratron tube. 
The tube conducts ths cathode rising: The voltage pulse from the 
cathode is coupled to the control grid of the 0A5: it conducts and 
its cathode rises. This voltage pulse in turn initiates the fir- 
ing of the 5C22 thyratron^ which essentially oiorts the capacitor 
C in the plate circuit. Current suvging through ths inductance L 
causes a large voltage across the tenaiaals of L and, therefore, 
across the gap. The gap breaks down dischargirg the capacitor 
through it, producing as actinic spark. 

Ik.    The cathode of the first 2D21 is connected to the control 
grid of the second 2B21 through delay salts that were variable 
from one to thirty msec. Hence9  the. second 2D21 would conduct 
after a r>re-deterfflined time interval and the same train of events 
would occur r<s before, culminating m units  UU.BU1UU.K& OZ  *1~ zzzt—t 
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The leas 1 had  « focal length of 3^5 mm and a relative aperture cf 
i/I*5. rarsu-Lei light through the shock tube in the region under 
investigation produced a shadowgraph of magnification * 1. Multiple 
exposures vsrs obtained on the sane fixed sheet of film. 

ld„ The shadowgraph system **s eventually discarded; the arrange- 

Tisw csssra* The advantage cf this system, using reflected lights 
was the greatly Improved definition of the droplets after break-up. 
However, the shock was no longer visible in thsss pictures because 
the optical system was now not sensitive to very small density 
changes. 

19« Tbe dr**pi©t» in the two types of photographs were measured in 
two vays. Ton droplets in the shadowgraphs vere measured usit-g & 
5 x BiL magnifying eye piece which contained a millimeter scale 
graduated in tenths for comparison. The contrast was lov and the 
Ssf iiitics of the drcp^ts was poor so that use of a microscope with 
a small f ieia sad high magnifying power was prohibited. Even with 
tDe 5 power ssgnif ier, the f uszinaee of the droplets caused an un- 
certainty In the diameter lacasurements of each droplet of approximate- 
ly 10 per cent. The droplets in the picture* photographed by reflected 
light were muen more clearly defined and it was thus possible to make 
measurements on these droplets using a traveling microscope. The 

.-.-»-—- »_— /. /\i _ —--..a i.v— .». 
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condenser c across the gap, In tills way it vas possible to get 
four separate flashes from the spark gap at pre-determined inter- 
vals. Of course this method could be carried further to produce 
any desired number of eperk flashes but four were sufficient in 

. this instance. 
i 

15. The grids on the 5C22 thyratrons were required to have very 
lev input Impedances to prevent spurious discharges. Therefore, 
it was necessary to use a second stage of amplification in tlie 
foxm of the 0A5 trigger tubes to initiate conduction in the 5C22 

I thyratrons. 

1 I 
16, QrigiEfiUy* tiase intervals of 30/</sec were thought to be 
appropriate for photographing the drop disintegration as it was 
^expected that the shock front produced the shattering of the drop. 
For this delay, ordinary LC delay lines were used with considerable 
success. The shadowKranhs obtained (Ttst.  3)« however. lndlo*t»a 
that this time Interval was too short for anything to have happened to 
the liquid drop. From high speed motion pictures taken with an 
Eastman High Speed (3000 fps) camera, it was determined that several 
milliseconds were required between exposure, and a time interval of 
up to 30 msec was introduced by employing the dual time delay unit 
recently developed at the HOL for other purposes (h). 

—•--• — 
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made possible measurements as fina as 0.001 ran.    The definition 
of the droplets, however, was not good enough for this last- 
figure and the uncertainty in the measurements of these records 
was of the order of 5 P«r cent. 

IV RESULTS 

20. Th~ results of this study indicate the relationship between 
the droplet sise and the shock strength, and also yield qualita- 
tive information regarding the nature of the break-up of the liquid 
—- wjf — 

21. The phenomenon of the shock-drop interaction is the same in 
nature as the sudden introduction of & drop into a fast-moving air 
stream. Studies of this type have been made before (5) wad the 
apparent behavior of the drop in the shock tube is almost identical. 
When the drop is injected into the fast-moving air stream, the 
original spherical drop is distorted irto a saucer-shaped disks Th* 
edges are drawn out into streams and then they break away into drop- 
lets. (See Figc-. 6, 7, 8, and 9,} At shock overpressures In the 
seighborhocd o* 2 pel- tb@ deformation of the drop begins after about 
0.8 milliseconds» However, droplets do set begin to appear earlier 
than about 3 milliseconds. From theoretical considerations regard** 
las the pressure over the surfaee of the drop, Taylor has concluded 
that the drop, if it did not disintegrate, would be flattened Into a 
plaos-ccsrsx lsst±£€2*r body of diaiester twice that of the original 
spherical drop (6), In the pfcotosrsphs taken early enough to eaten 
the disk-shape of the drops, t&U ratio ss^ss to ba confirmed by 
this study (see fig. 10). 

ft r-mwr. -soring air strssz; is given 22; LUm    D1K    Ul     O    RMUia    -Aivjf 

by the r lation In the introduction of this report, i.e., 

In this case the drop Is in an air stream toe velocity of which is 
gradually increased up to the critical value of u vusre the drop is 
.1"«rt- stable.    Is a transient blast of the sort used is the present 

the relation should be altered as follows: 

0.33 //O/ft0 * 

10 
SECRET 

•j 1 •-. . . —_• -y ••* _ 



1 

i 

i i 

Tin.fn*   i 

NAVORD  REPORT  3S32 

.''  "* «"•• .>: 

FfG 6 Ps= 2.6S PS! 

FIG. 7 Ps*2.63PSi 
BREAKUP OF DROP (DIRECT PHOTOGRAPHY J 
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In se«a to bs good agrasssst for the <Sat* in the rimes 2.60 • 0.10 put. 
."£». the range i.63 +   0.15 F-*i> tier* i* A discrepancy of 30 per cent. 
Tm oaly explanation for tfeis discrepancy at the present tia* l» a 
a*eatxT» on*.    The —a—retnts on the mdii for this grotg> of data are 
(fait* unreliable since these asaauroaants vwre »**• free* shadowgraphs in 
vhich the aropi*t« «or« not satisfactorily flatlasd*    It •?** fear this 
reason that the photographic tecuni^ue »*s changed ae e^lalned is 
aeetioa HI. 

V OJHCLOSIOSS 

27.   The droplet* produced by the fast-norlng air street behind the shoe*. 
are about half the else predicted on the b&sls of the report by G. E. Mart- 
mxssi (3)*    * corrsctioa factor of 2 can be vcrked in by considering the 
effects of a transient air bleat suddenly applied as opposed to a steady 
Stkweui gradually nppiivd. 

26.    As stsAed by aart-ssas (3) if the drops shatter into fra&sente finsr 
than those predicted on the basis of the drag forces., then ti~» evapora- 
tlon tlatt for a droplet will be reduced by the e^uaru of the factor by 
vhlch the drop Is reduced.    In fable H are tabulated value* for the 
evaporation tlee fin i»illiseconAs for various drop sizes at increasing 
pressures.   The dotted line separates the drops «hieb break up in the 
fas* air stream frcs those vhich are snail •350f*gii to be stable in the 
fast air stream associated vith each of the specified shock cverprssswres. 

go.    Tn fables XII and IY, values for &,, the r»4*us of cea^lswe Svapors 
tis*, sad the cube root of the charge slight- ¥*'->. are tabulated, rcr rain 
as4 fog reepeetiTsly.    lain is defined arbitrarily'to be «&ter drops lergsar 
is radius than iu~3 car..    lfci£ ywri^elMi w» defiamL w •*« iC-oi in 
gatias.   The Talaes for Si sad ^/S •were detcrsiaee as follows!    xa* raises 
ax T'aad ?« vere taken fro* titli II.   Frca the Xirfcw»d-Sri=*ley cert (3) 
«f peak arer^easares versus redaaed distance X. vales* of  > •—»?-=» ~~=~r«d. 
Fran the graah of redueed F&aiiiv* itaw,   TV*1'~, as a function of   A 
values cf f/wVa wsra ©stalled-    »V3 «&• tfcea calculated fsea kaovledge 
of bethT"* ties avawnvtlaa tiies, aad T/tfVS. *h» rodae**. poaitiTs jteasa. 
naaliy, li " MA/3 «W ccav«ted«   The grsgfe la ?ig. 12 cf **V3 TO^ ^ 
ssa plotted trtm 

-    i- 
^ - 6,2 (¥*/3) 

as eppasett to the jamwUm value (3) of 

1^ « 5.1 (W3^3) 

ue repsueusss 
1^11 

aaeuy^aa 

A«U 

13M velnee ear ?3g sad rain agree out to the distance share evaporation 
oeemrs tithoet break-up. 

2ft •I* far ti* eaeray available at a distaaee 1 < *, Tis: 

IT 
CflCRlf 

*^JH 

«-'«•'.•../' 
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| TABU II 
I 

Vaiuas for 'fin ail 11 seconds 
i : 

j 

• 

1 
*» •o - I 10=2- 10"* 10*3 

C.29 
1 

56.6 z ID8 

£.6   xl0* 

!.SU x 208 

%.6   x 10* 

1.1* x 1A6 

•*'*      — £ 
k.v   x. 20* 

X.Ik x 10* 
•a   •>     —  n#\3 

1.1    z 10* 

Ilk 

11 

| 
5 
7 

3.^6 x 103 
0.635* 103 

3.48 x 103 
0,635* ICK 

3.W a 203 
G.635* 203 

660 
0.635x103 

6,6 
*.7 

9 190 360 3ft) 380 3.2 

i . 1 K 12.4 12.* 12.* lc»-*> 2.2 
i r 3e 9-75 2«75 1*65 
1 • 
! i • * 
i       C 

30 0.12 0c32 0.32 0.32 0.32 

IB 
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TABLE III 

Radius of total &mpor»tio&, R., and otter 
Quantities for Rai* 

I    I 

F8 
Ipii) 

r 
•see free air v,..iA .JL/3 

» • 

~(ft) 

1 58.75X1Q5 33.0 3.8 15.53ilo5 5B7xlo5 

3 23,250 17^3 2.66 8,7^) 151x103 

5 1,7^ i2.5 2.30 757 9s070 

7 31? 10.2 2.06 15* 1,570 

10 8A 1.78 2d.t 238 

15 6.2 6.9 i.55 it.00 27.6 

20 1-57 1   -a£ 1.00 UfUC 

30 0.157 5.0 1.15 0.137 0.683 

i J 
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TABLE IV 

RA'Uue of Total Evaporation, Rx, sad ot-ber 
Qwsstit-ifs for Fog 

?s(r*i) 1    (msec) A(Fr«e 
_. 1/3 •/w .,1/3 It,-AW1/* 

X 

Air) (ft) 

0.29 l.lU x 10 *%* 100 -v7»5 1,520 152,000 
1.0 0    •;        —    ^r»3 J • 3      A   is/- 36 3.8 S£.7 33,000 
3 1.1  3t 103 17.3 2.66 kik 7,150 
5 QUM 10 a 2*3 287 3.590 
7 6?S 10.2 2.06 308 3A*2 
9 3S0 8.9 1.88 202 1    TnG 

15 1« »- 8 55v2 
20 2.75 6.0 A«^W 2.0 2            12,12 
30 Q.32 5.0 1.15 0.278            1.39 

I 
I 

• 
i 

i 
1 
\ 

" V«S3 

20 
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V11'9 1 
?(R)  - 1^.06 x 105    -ZTT   - 69 c»3 

I   i 
\ 

is unchanged.    Similarly uaehs£$ea in the relation of attenuated 
pressure vis; 

?r - P Z .63 

P is the pressure obtained at a given distance P. vhen charge V is 
detonated in clear air; F_ is ths ureaeure obtained at the sane 
distance when W is Tired in Tog or r$i& of concentration C: 2 is 
a factor less than unity such that Z V fired in clear air produces 
pressure Pr at the sane value of R. 

Z « fx .70 x 10 
-a ^n/3 "I 9/11 

„JTTo w  " j 

Pressure attenuation '.ts i^^aaed, however, siiice B <^.R^ can tie 
larger due to the increase: ia %. 

31. The Increase in the pressure attenuation is shown in Table* 
1,    .*, 

*^V»«T»*f  •^'^•S* ^VAf- fg>>>1 ^~ H4*>i • «%«*« ^-r "53   -r* 

those in Tables VI, VII, and VIII of reference (3), it is seen that 
the values of Pr for greater distances than in reference (3) are 

32. T»T" la one anre point to be considered regarding the aaeray 
available for evaporation of the droplets. The droplets vhich x«e- 
miited when the drop was broken up in the fast air stress* behind the 
shock actually did not begin to appear -ariisr than about 3 xii-iiaeeeads 

i 

i 

able part of the positive phase* •so=, the dropl=ta? after they isra 
3?rcd*iC«d, do not have tne entire positive pass*-- in vnieh to evaporate. 
This would have the affect that less energy would be used in evaporat- 
ing the droplets, conse«jyestly tea sttenfa&tiori WC*J1& ha less tb»a 
predicted here. Siac* no exact data arc available fro* this study 
regarding tne tise for the droplets to fora after ihe shock; passes, 
no analytical statement can be nade about the attenuation produced. 
In all probability separate measurements of the tisa fox break-up 
of liquid drops for each of a aeries 01 pressures vould h*ve to be 
made Is order to state generally what fraction of the positive ^hase 
is available for evaporating the droplets after they have been produced, 
and this ">±ght tie considered a? a further study to be sade as & check 
on the theoretical work of reference (3)« 

22 
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1 
i 
1 

\ 
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TABLE V 

Calculation of Pr for 1 lb of Fentolite 

* 1 lb Pentolite 
W - 1.2 

2 - f 1 - 1.36 x 10-1* 

1.2 lb 

wll/9 

cRn/3] 

INT 

- 1.25 
9/11 

F R Rll/3 7. 
^ 

(ZW)1^ Rl(sain 
rum    V*~~\ 
ui 'UK/ 

C - 5 

10 
20 
25 
30 
33 
ko 

8.9 
6.k 
5.5 
5.35 
5.1 

3,000 
900 
532 
470 
395 
295 

Imaginary 
0.465 
0.692 
0.73 
0.775 
0.834 

12.3 
19.9 
24.6 
28.0 
3^.6 

o.6e4 
0,940 
0.956 
0.977 

5.01  Pr 
5.8l  p 
5.92 p* 
6«02  P" r 

r 

not valid 
valid 
valid 
valid 
Valid 

if 

10 

1 1 

i I 

33 
37 
ko 

<2J 

ko 

5.1 
4,9 
4.7 

4.7 

3y? 
34o 
295 

295 

0,604 
0.66 

265 
r"^ f- 

21.b 
26:9 
30.8 

17.3 
32,5 

0.849 
0=898 
6.925 

O.683 

5-19 Valid 

Valid 

4.07 Not Valid 
H.7*    Valid 

« — 1. ^ 

I 
I 

60 
70 

4.0 
3.77 

162 
130 

0.175 
O.367 37.2 

0.594 
0.76 

3.4Q 
4.58 

Not Valid 
Valid 
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TABLE VI 

! 
! 
j i   - 

SalcuLstisa sf P-r f cr 20 C Aiaale fc 

W • 20 x 10" Its t» 

% • fl -*.0S « 1XTJ3 eat^/Bj ?A* 

 ___ lsiL_ 
t 

8 

12 

CM 

25eO 
2280 
2100 
4.UUV 

1650 

ViSslO12 o.M*5 ^.3 
2.06*1012 0,6fcl 7-5 
1.5^x1012 0.738 9.9 

0.633OOS2 0.895 18.6 

207       2315       *r not **Ud 
23* Pr Valid 

Pr Valid 

P-r Valid 

c 

18 
20 
30 
HO 

1TS5 
SJ655 
1360 
1210 

7*3?xiC*Lt O.32S 3.9 
6.3     "     O.W> 11.9 
3,06   "     0.739 a*a8 
£.02   •     0.835 ^5.8 

I8T       I9*C 
SV ?*lid 
Pr Valid 

^ — w»c 

3 
5 
8 

10 

fcTOG 

2560 
i»*o 

2.9x10' 
0.8S   * 
0.312 " 
o=so6 " 

0,706 
0.501 
0=932 

•0 
7.5 
9*5* 

a*2      «£&> let VaiiA 
26t       2S0C/28?5 V*U3. 
g67       3SQQ'/9d3» *W*4 

2* 
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TABLE VII 

Calculation of Fr for 1 Megaton Atonic Boat 

"5X0 x 10^ m ^ 1 Megaton - using 0.5 equivalence    W • 
4U 

2 
lO5' lbs 

-^1/9 10- 

Z * fl  -  1*70 X 10-x? cR4-'-"'!  " — 

R pp-n Z *r (zw)i/3 Ri(Rain, 
" FOBVI 

c « 1 

6.5 10500 S.^xlO11* 0.104 1.56 2*70 49OO 7960 Not Valid 
7 10100 4.8    " 0.252 2.9* 632 7430 10670 Valid for fog 
6 Q4O0 3.7   " 0.444 4.8 763 8740 25600 Valid for fot 
9 8850 3 0.56 6,22 Valid 

10 64OO £»'&;> « Hi     ^"7 8&3 •"3JLAO. 

12 TfOC 1.8   » 0.742 9;-.94 Valid 
15 69CO 1.2   " O.83 13.3 Valid 

C  •  j 

15,5 6800 i.a&o0***>o.o7 *.9 410 4550 6950 Valid for fog 
lb C700 1-08   • 0.13 4.4 506 58OO 10900 Valid for fog 
17 65OO 0.95   " 0.26 7,2 638 7500 17500 valid 
18 6350 0,68   • 0.322 8.8 685 Valid 
^J 0000 0.71   n 0.-VT4 12.2 78C Valid 
he 1*500 0.25     " 0.824 35.* Valid 

3.5 15400 22 x 101* 0..325 1.72 68? 8300 20500 Valid for fog 
4 14200 17         « O..U95 2.57 790 10236 Valid for fog 
s 12250 9.7     " 0.721 U.06 897 U70/* Valid for fog 
7 10100 4.8     " 0,864 fi.U Valid 

\ \ 
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